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Abstrat
The Bd −→ ΦKs proess is without tree level deay amplitude . Then the SUSY
ontributions may be signiant . We alulate the neutralino and gluino penguin
ontributions to the CP violating phase in SU(5) grand unied theory with right-
handed neutrino SU(5)RN . We nd that the SUSY ontributions hange the phase in
Bd −→ ΦKs.
1 Introdution
In the minimal Standard Model(SM) lepton avor is onserved . Then Lepton Flavor Viola-
tion (LFV) and avor hanging neutral urrent (FCNC) is forbidden at tree level . Therefore,
the avor mixing is ontrolled by the Cabibbo Kobayashi Maskawa (CKM) matrix element
. So the phase in the CKM matrix is the only soure of the CP violation in the Standard
Model (negleting the strong CP problem) .
However, in supersymmetri (SUSY) models there is a new soure of avor mixing in
the mass matries of SUSY partners for leptons and quarks . In the ontext of minimal
Supergravity (mSUGRA), where SUSY breaking parameters are assumed to be avor blind
at the Plank sale, the avor mixing is ontrolled by the CKM matrix elements . As a
result, the maximal deviation from the SM in the CP violating parameters is of the order
of 10%, while the SUSY ontribution to b −→ sγ proess an be muh more important[1℄ .
In the GUT senario, there are additional ontributions to FCNC/LFV proess from GUT
interation[2℄ . As for LFV proesse the µ −→ eγ branhing ratio is losed to the urrent
experimental bound, espeially for SO(10) model [3℄ . Experimental evidenes of neutrino
osillation indiate the existene of small neutrino mass and large avor mixing in the lep-
ton setor . A natural explanation for small neutrino masses is the seesaw mehanism[4℄
. In this mehanism, heavy right-handed neutrinos are introdued . These neutrinos have
Majorana mass term and new Yukawa interations . In SUSY models with a neutrino mass
generation mehanism of seesaw type, Yukawa oupling onstants among the Higgs doublet,
lepton doublets and right-handed neutrinos ould indue large avor mixing eets in the
slepton setor . In the Supersymmetri Grand Unied theory (GUT) with right-handed neu-
trino, above the GUT sale, the right-handed down type squarks ouple to the right-handed
neutrinos . Then, due to renormalization group eet, avor violation in the slepton setor
may be transferred to the right-handed down type squark mass matrix[5℄, whih aets the
CP violation in the B deay .
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The Bd −→ ΦKs proess is without tree level deay amplitude . Then the SUSY ontri-
butions may be signiant . The SUSY ontributions, to the CP violation in this proess,
are gluino, neutralino and hargino . In the Bd −→ ΦKs proess, gluino and neutralino
interat with down type squark-quark (g 10,11 ), whereas the harginos interat with up
type squarks . So in our model, SU(5)RN , only gluino and neutralino ontributions are
onerned by avor violation in the slepton setor .
In this ontext we alulate the neutralino and gluino penguin ontributions to the CP
violation in the proess Bd −→ ΦKS . Then, the SUSY ontributions an be large and the
phase in the deay amplitude an be as large as O(0.1) whih is muh larger than the SM
. In our alulation we apply the multimass insertion method [6℄ . We take into aount
the mixing of the squark eigenstates as well as the mixing in the neutralino setor and we
onsider the ase of large mixing between seond and third generation, suggested by the
atmospheri neutrino problem [10℄ . The alulation of the neutralino ontribution is new
. Previous gluino alulation an be found in the referene [9℄ equation (A.16), where mass
insertion method has been used
1
. In this alulation to obtain the results presented in
gure (2) by the author, we must take the derivative of the equation (A.16) of the referene
[9℄ . Consequently, we have also alulated the gluino ontribution, with multimass insertion
method ( where the left and right squark masses are taken into aount) .
This paper is organized as follows . In setion 2 the SU(5) grand unied theory with right-
handed neutrino SU(5)RN is introdued . In setion 3, we give the expliit expressions of the
amplitudes assoiated to the neutralino and gluino ontributions to the deay Bd −→ ΦKs
(b −→ sΦ) . Finally, in setion 4 we nd the numerial results on the SUSY ontributions
to the deay phase for dierent values on SUSY parameters . In setion 5 we onlude . In
annex, the analyti expressions for the Feynman integrals, whih appear in the evaluation
of the amplitudes, are given .
2 SU(5) grand unied theory with right-handed
neutrinos SU(5)RN
We onsider the supersymmetri SU(5)grand unied theory (GUT) with right-handed neu-
trinos, as an extension of the Minimal Supersymmetri Standard Model with right-handed
neutrinos (MSSMRN)[5℄, [6℄, [7℄ . Above, the GUT sale the superpotential is :
W = 18Ψi [YU ]ij Ψj H + Ψi [YD]ij ΦjH
+Ni [YN ]ij Φj H +
1
2Ni [MN ]ij Nj
(1)
where Ψi (the quark doublet), Φi (the harged lepton doublet) and Ni (the right-handed
neutrino) are 10, 5 and singlet matter elds of SU(5) in i-th generation, while H and H
are Higgs elds in 5∗ and 5 representations, suh that : H = (H2,Hc) and H = (H1, Hc) .
Finally, H1 , H2 are the Higgs multiplets of the MSSM and Hc , Hc are two dierent olored
Higgs multiplets . Here MN is the Majorana mass matrix for right-handed neutrinos . For
simpliity, we hose degenerate Majorana mass matrix for the right-handed neutrinos :
[Mn]ij = MνR δij (2)
The Yukawa matrix YU is a omplex symmetri matrix, while YD and YN are omplex . It
is onvenient to work in the basis where YD is diagonal . Then we have :
YU = V
†
Q Θ̂Q ŶU VQ , YD = ŶD and YN = ŶN VL Θ̂L,
ŶU , ŶD and ŶN are real diagonal matries:
ŶU = diag(yu, yc, yt) , ŶD = diag(yd, ys, yb) , ŶN = diag(yν1, yν2, yν3).
1
In this method an average squark mass is taken into aount only.
2
The Θ̂′s are diagonal phase matries :
Θ̂Q = diag[exp(iφ
(Q)
1 ), exp(iφ
(Q)
2 ), exp(iφ
(Q)
3 )]
Θ̂L = diag[exp(iφ
(L)
1 ), exp(iφ
(L)
2 ), exp(iφ
(L)
3 ]
suh as:
φ
(Q)
1 + φ
(Q)
2 + φ
(Q)
3 = φ
(L)
1 + φ
(L)
2 + φ
(L)
3 = 0.
Moreover, VQ and VL are unitary mixing matries parametrized by three mixing angles and
on CP violating phase .
At GUT sale (MGUT ≈ 1.9 × 10
16GeV ), the GUT gauge symmetry is spontaneously
broken into the SM one : SU(5)GUT → SU(3)c × SU(2)L × U(1)Y . So, at low energy,
Ψi ontains Qi(3, 2, 16 ), U
i
(3, 1,− 23 ) and E
i
= (1, 1, 1), quark and lepton superelds . Φ
i
inludes D
i
(3, 1, 13 ) and L
i = (1, 2,− 12 ) quark and lepton superelds . N
i
is a singlet of
SU(3)c×SU(2)L×U(1)Y . The representations for SU(3), SU(2) groups and U(1)Y harge
are indiated in parenthesis . Then the GUT multiplets in terms of MSSM eld are:
Ψi ≃ {Q, V
†
QΘ̂QU, Θ̂LE}i , Φi ≃ {D, Θ̂
†
LL}i. (3)
The superpotential(1) beomes:
W = Qi[V
†
QŶU ]ijU jH2 + Qi[ŶD]ijDjH1 + Ei[ŶE ]ijLjH1
+Ni[ŶNVL]ijLjH2 +
1
2MνRNiNi
. (4)
In the SU(5) limit, the naive GUT relation is predited ŶE = ŶD at the GUT sale .
Although this relation gives a reasonable agreement for mb and mτ , it is well know that the
mass ratio of down-type quarks and harged leptons in the rst and the seond generation
an not be explained in this way
2
. Then, in (4), the unitary matrix VQ beomes the CKM
matrix :VQ ≃ VCKM . The left-handed neutrino mass matrix indued by seesaw mehanism
is :
[mν ]ij =
v2 sin2(β)
2MνR
[YN ]
2
ij =
v2 sin2(β)
2MνR
[V †L Ŷ
2
NVL]ij (5)
with v2 = 2(< h1 >
2 + < h2 >
2) ≈ (246Gev)2 and tan(β) = <h2><h1> . Then VL plays the role
of the neutrino mixing matrix and the neutrino Yukawa oupling is :
yν =M
1/2
νR × f(VL,mν , tan(β)). (6)
For a largeMνR the equation(6) beomes non-perturbative below the Plank sale . In terms
of MSSM elds, the third term in the superpotential(1) an be written as :
W = Ni[ŶNVLΘ̂L]ijDjHc + ..... =
∑
i,j
yνi [VL]ij exp(iφ
(L)
j )NiDjHc + ..... (7)
The phases φ(L) and φ(Q) remain in the olored verties . The eet of the olored Higgs is
negligible at tree level, but aets the soft SUSY breaking mass parameters through the RG
eet and generates o-diagonal elements in the mass matrix of down-type squarks . In this
model we assume the universality of the salar mass (m0) at the redued Plank saleM∗ ≃
2.4×1018Gev . Thus, we adopt the model so-alled mSUGRA . Due to the neutrino Yukawa
matrix, non-vanishing o diagonal elements are generated . The o-diagonal elements in
the mass matrix of right-handed down-type squarks (D˜) are approximately :
[m2
d˜R
]ij ≃ −
1
8π2
exp[−i(φ
(L)
i − φ
(L)
j )]
∑
k
y2νk [V
∗
L ]ki[VL]kj × (3m
2
0 + a
2
0) log(
M∗
MGUT
) (8)
2
One possibility to remedy this defet is to introdue higher dimensional operators suppressed by the
Plank sale.
3
where a0 is the universal A parameter and R stands for right omponent . For the left-
handed down-type squarks, the o-diagonal elements in the mass matrix are generated by
the top Yukawa oupling, suh as:
[m2
d˜L
]ij ≃ −
1
8π2
y2t [V
∗
CKM ]ti[VCKM ]tj × (3m
2
0 + a
2
0)× (3 log(
M∗
MGUT
) + log(
MGUT
Mweak
)) (9)
where L stands for left omponent . These o-diagonal elements mass matrix [m2
d˜R
]i3 and
[m2
d˜L
]i3 are oeients of ∆B 6= 0 operators, they hange the standard model preditions
to the mixing and the deay of the B-mesons .
In this ontext we alulate the neutralino and gluino penguin ontributions to the CP
violation in the proess : Bd −→ ΦKs.
3 Neutralino and gluino penguin ontributions to
Bd −→ ΦKs
The operators ontributing to Bd −→ ΦKs [8℄ have a struture like (sb)(ss), then they are
indued at the one-loop level in the standard model . Therefore the SUSY ontributions
may be signiant . The SUSY ontribution to the deay amplitude for Bd −→ ΦKs omes
from the penguin and box diagrams . In our analysis, we only take into aount the hromo-
dipole ontribution beause, as is mentioned in referene[9℄, box and olor-harge form fator
ontributions have the same size but the opposite sign
3
. Consequently, the ∆B = 1 eetive
Lagrangian onsidered takes the following form:
Leff = mbC
DM
R T
A
abs
a[γµ, γν]PLb
bGaµν + (L↔ R) + h.c (10)
where mb is the bottom quark mass,T
A
ab is the SU(3)c generator, G
a
µν is the gluon eld and
a and b the olor indies.
We have alulated the neutralino and gluino ontributions to the oeient CDMR .
We apply the multimass insertion method .The alulation of the neutralino ontribution is
new . Previous gluino alulation an be found in the referene [9℄ equation(A.16), where
mass insertion method has been used . The results are very large and to obtain the results
presented in gure(2) by the author, we must take the derivative of the equation(A.16)
of the referene [9℄ . Consequently, we have also alulated the gluino ontribution, with
multimass insertion method, to the hromo-dipole operator .
3.1 Neutralino ontribution
We assume neutrino and quark mass hierarhy and yν3 ≫ yν2 ≫ yν1 . From the atmospheri
neutrino observation we take :
-for the neutrino tau mass :mντ = 0.07ev
-and large mixing angle :VL32 = −
1√
2
.
Thus, from the equations (8) and (9) we have :
[m2
d˜R
]32 ≈ −
1
8π2
exp(−i(φ
(L)
3 − φ
(L)
2 ))y
2
ν3 [V
∗
L ]33[VL]32 × (3m
2
0 + a
2
0) log(
M∗
MGUT
) (11)
and
[m2
d˜L
]32 ≃ −
1
8π2
y2t [V
∗
CKM ]tb[VCKM ]ts × (3m
2
0 + a
2
0)× (3 log(
M∗
MGUT
) + log(
MGUT
Mweak
)). (12)
3
In the neutralino ase, the wino and higgsino ouplings have the same sign as gluino ones . Then
neutralino and gluino ontributions have the same behaviour . For hargino it is dierent .
4
These two terms ontribute to the deay amplitude:
M
(SUSY )
Bd→φK0 =< φK
0|Leff |Bd > . (13)
The right-right non-diagonal term(eq.11) depends on the neutrino phase and is dominant
ompare to the left-left one (eq.12) beause |[VCKM ]ts| ≪ |[VL]32| . So, we only onsider
the right-right ontribution to the M
(SUSY )
Bd→φK0 deay amplitude . Feynman rules used for the
alulation are summarized in gures(10)-(11) . In annex, we have the Feynman integrals .
In the following we note:(m2)32 = [m
2
d˜R
]32 .The three kind of diagrams ontributing to the
deay are illustrated in gure 1 and gure 2 .
From the diagrams illustrated in gure1 we obtain :
+for the diagrams 1(a) and 1(b)
T1a−b =
√
2g2
2
g3 tan(θw)×(mb+ms)M1 µ (m
2
)32
3×16pi2[m2
b˜R
−m2
s˜R
][M2
1
−µ2]
×
∑1
n=0
(−1)n
M
2
n
[
FC1(X
w˜n
)+FC1(X
µ˜n
)
M
2
n
+
FN1(X
w˜n
)−FN1(X
µ˜n
)
M2
1
−µ2
] (14)
with M
2
n =
{
m2
b˜R
for n = 0
m2
s˜R
for n = 1
and X
w˜n
=
M2
1
M
2
n
and X
µ˜
= µ
2
M
2
n
, whereM1, µ are the bino
and higgsino masses, m2
b˜R
and m2
s˜R
stand for the diagonal omponents of the bottom and
strange squark mass matrix (ms is the strange quark mass) . The oupling expressions are :
g22 =
αem(MZ)
4pi sin2(θw)
, g23 =
αs(MZ)
4pi , q is the outgoing gluon momentum and p the bottom
quark one .
+on the diagrams 1()-1(d), there is a ip of hirality on the bottom leg then,
T1c−d = −
g22g3mb (m
2
)32
16π2[m2
b˜R
−m2
s˜R
]
×
[
msmb
2M2w cos
2(β)
+
2
9
tan2(θw)
]
×
1∑
n=0
(−1)n
M
2
n
[
FC2(Xµ˜n)
]
.
(15)
The funtions FC1(X) , FC2(X) , andFN1(X) are given in annex.
The ontributions, illustrated in gure1(e-f-g-h), are proportional to mb due to the left-
right diagonal insertion :
m2LRb = −a0m0mb −mbµ tan(β). (16)
Then from these diagrams, we get:
+for the diagrams 1(e) and 1(f)
T1e−f =
g2
2
g3 m
2
LRb (m
2
)32
16pi2[m2
b˜R
−m2
b˜L
]
[
M1 tan
2(θw)
9 +
msmb µ
2M2w cos
2(β)
]
×
∑3
n=0
(−1)n
m2n−m2
s˜R
× 1
M
2
n1
×
[
2×M2
1
×FC1(X
w˜n1
)
M
2
n1
+
2×µ2×FC1(X
µ˜n1
)
M
2
n1
− 3× FC3(Xw˜n1)− 3× FC3(Xµ˜n1)
] (17)
where :
m2n =
{
m2
b˜R
for n = 0, 1
m2
b˜L
for n = 2, 3
M
2
n1 =

m2
b˜R
for n = 0
m2
s˜R
for n = 1, 2
m2
b˜L
for n = 3
. (18)
+for the diagrams 1(g) and 1(h) :
5
T1g−h = −
g2
2
g3 msmb tan(θw)m
2
LRb (m
2
)32
3
√
216pi2[m2
b˜R
−m2
b˜L
]×[M2
1
−µ2] × [µ+M1 tan(β)]
2
×
∑3
n=0
(−1)n
[mn2−m2
s˜R
]
× 1
M
2
n2
[−µ
2+2µM1
[M2
1
−µ2] {FC4(Xµ˜n2)− FC4(Xw˜n2)}
+
M2
1
+2µM1
[M2
1
−µ2] {FC4(Xµ˜n2)− FC4(Xw˜n2)}+
2(µ2+2µM1)
M
2
n2
FC5(Xµ˜n2)− 3FC6(Xµ˜n2)
−
2(M2
1
+2µM1)
M
2
n2
FC5(Xw˜n2) + 3FC6(Xw˜n2)]
(19)
with:
m2n2 =
{
m2
b˜L
for n = 0, 1
m2
b˜R
for n = 2, 3
M
2
n2 =

m2
b˜L
for n = 0
m2
s˜R
for n = 1, 2
m2
b˜R
for n = 3
. (20)
The funtions FC3(X),FC4(X),FC5(X) and FC6(X) are written in annex .
Finally, the ontributions drawn on gure 2(a-b) and 2(-d) are idential with the last
ones (g.1:e-h), but they are proportional to ms due to the left-right diagonal insertion :
m2LRs = −a0m0ms −msµ tan(β). (21)
Therefore, the expressions T2a−b and T2c−d are obtained by interhanging : b˜L ↔ b˜R , b˜R ↔
s˜R , s˜R ↔ s˜L and mb ↔ ms m
2
LRb ↔ m
2
LRs in the equations(17, 18, 19, 20) .
3.2 Gluino ontribution.
Due to gluino-gluon interation and the multimass insertion method, the eight diagrams
(four in the mass insertion method ase ) ontributing to the hromo-dipole are illustrated
in gure 3 . Due to the ip of hirality on the strange leg, the amplitudes assoiated to the
diagrams(3) and (3g) are proportional to ms . Then, these two ontributions are negligible
omparatively to the others .
From the diagrams illustrated in gure3 we obtain :
T3a =
g33mb(m
2)32
2Nc × 16π2[m
2
b˜R
−m2
s˜R
]
×
1∑
n=0
(−1)n
M
2
n
[FC2(Xg)] (22)
with Xg =
M2
G˜
M
2
n
, M
G˜
is the gluino mass, Nc = 3 and
M
2
n =

m2
b˜R
for n = 0
m2
s˜R
for n = 1, 2
m2
b˜L
for n = 3
. (23)
T3b = −
g3
3
M
G˜
(m2)32m
2
LRb
2Nc×16pi2[m2
b˜R
−m2
b˜L
]
×
∑3
n=0
(−1)n
m2n−m2
s˜R
× 1
M
2
n
[
2M2
G˜
M
2
n
FC1(Xg)− 3FC3(Xg)
]
(24)
and
T3d = −
g3
3
M
G˜
(m2)32m
2
LRs
2Nc×16pi2[m2
s˜R
−m2
b˜R
]
×
∑3
n=0
(−1)n
m2n3−m
2
s˜L
× 1
M
2
n3
[
2×M2
G˜
M
2
n3
FC1(Xg3)− 3FC3(Xg3)
]
(25)
6
with
m2n3 =
{
m2
s˜R
for n = 0, 1
m2
b˜R
for n = 2, 3
M
2
n3 =

m2
s˜R
for n = 0
m2
s˜L
for n = 1, 2
m2
b˜R
for n = 3
. (26)
From the others diagrams we dedue :
T3e = −
Nc g
3
3 mb (m
2)32
2× 16π2[m2
b˜R
−m2
s˜R
]
×
1∑
n=0
(−1)n
M
2
n
[FC2(Xg)] (27)
T3f = −
Nc g
3
3
M
G˜
(m2)32 m
2
LRb
2×16pi2[m2
b˜R
−m2
b˜L
]
×
∑3
n=0
(−1)n
m2n2−m2
s˜R
× 1
M
2
n2
[
2
M
2
n2
G1(Xg2) + 3FC3(Xg2)
]
(28)
T3h = −
Nc g
3
3
M
G˜
(m2)32 m
2
LRs
2×16pi2[m2
s˜R
−m2
b˜R
]
×
∑3
n=0
(−1)n
m2n4−m
2
s˜L
× 1
M
2
n4
[
2
M
2
n4
G1(Xg4) + 3G2(Xg4)
]
(29)
with
m2n4 =
{
m2
b˜R
for n = 0, 1
m2
s˜R
for n = 2, 3
M
2
n4 =

m2
b˜R
for n = 0
m2
s˜L
for n = 1, 2
m2
s˜R
for n = 3
. (30)
Due to the multimass insertion method, all the amplitudes depend on the squark left
and right masses (ontrary to the mass insertion method ase where an average squark mass
ontribute ) . Now, we an build the SUSY ontribution to the deay amplitude : M
(SUSY )
Bd→φK0 .
4 Numerial results on SUSY ontribution to the deay
phase
In the deay amplitude, we take into aount the hromo-dipole term only . Then, with the
fatorization approximation[11℄-[12℄, the deay amplitude(13) takes the following form :
MBd→φK0 = 2× (PBǫφ)m
2
φfφF
BK
+
1
16
(1 −
1
N2c
)
[
g3KDMC
DM
R + (L↔ R)
]
(31)
where < Φ(Pφ, εφ)|s
aγµsa|0 >= m2φfφε
µ
and < K0(PK)|s
aγµba|Bd(PB) >= F
BK
+ (PB + PK)
µ + FBK− (PB − PK)
µ . (32)
The KDM oeient is indued from the hadronization of the hromo-dipole moment .
From the quark model and the heavy quark eetive theory, we have :
KDM ≈
m2b
2q2
[
9
8
+O(m2φ/m
2
b)
]
, (33)
where q is the momentum transfer in the gluon line suh that :
q2 =
1
2
(m2B −
1
2
m2φ +m
2
K), (34)
and KDM ≈ 1.2 for αs(mZ) = 0.118 , αem(mZ) = 1/128 and mb = 5Gev . In the deay
proess Bd −→ ΦKs the CP violation is determined by :
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φtotal = φmix
Bd→Bd + arg
[
MSM
Bd→φK0 +M
(SUSY )
Bd→φK0
]
. (35)
So, the SUSY ontribution to the deay phase is expressed by :
tan(∆φdecay
Bd→φK0
) ≡
∣∣∣MSUSY
Bd→φK0
∣∣∣∣∣∣MSM
Bs→φK0
∣∣∣ , (36)
where ∆φdecay
Bd→φK0
is the maximal possible orretion to the deay phase suh that:
φ
(L)
3 − φ
(L)
2 ≃ arg
[
MSM
Bd→φK0
]
+
π
2
. (37)
The standard model ontribution [12℄ has the following form :
MSM = − piαw2M2w
VtbV
∗
tsm
2
φfφε
µ × 2PµBF
BK
+ ×[
C +
αs (N
2
c−1) c11mb
16pi2 K2 N2c
(
mb + 4(1 +
m2s
m2
φ
)−ms(1− 2
m2b+2m
2
φ−m2s
m2
φ
)− 4msmb
m2
φ
)]
(38)
with C = c3+c4+c5+
1
Nc
(c3+c4+c6)−
1
2
[
c7 + c9 + c10 +
1
Nc
(c8 + c9 + c10)
]
and the ci
are the Wilson oeients . The equation (36) is very sensitive to the standard model ontri-
bution . So we hoose to take into aount the next leading order QCD orretions, with the
renormalization sale :µ = mb = 5Gev, αem(mZ) = 1/128, αs(mZ) = 0.118andmt = 176Gev
. So, the Wilson oeients have the following values :
c3 = 0.0174 c4 = −0.0373 c5 = 0.0104 c6 = −0.0459
c7 = 1.398× 10
−5 c8 = 3.919× 10−4 c9 = −0.0103 c10 = 1.987× 10−3,
and the DPO oeient at the two loop level is c11 = −0.299.
Conerning the SUSY ontributions, we have onsidered:
+the neutralino ontribution
Mχ
Bd→φK0
= 2(PBεφ)m
2
φfφF
BK
+ ×
1
8
(1−
1
N2c
)g3KDM ×
1
mb
× Tχ (39)
with Tχ = T1a−b + T1c−d + T1e−f + T1g−h + T2a−b + T2c−d and
tan(∆φdecay
Bd→φK0
)χ ≡
∣∣∣Mχ
Bd→φK0
∣∣∣∣∣∣MSM
Bs→φK0
∣∣∣ . (40)
+the gluino ontribution
M G˜
Bd→φK0 = 2(PBεφ)m
2
φfφF
BK
+ ×
1
8
(1 −
1
N2c
)g3KDM ×
1
mb
× T
G˜
(41)
with T
G˜
= T3a + T3b + T3d + T3e + T3f + T3h and
tan(∆φdecay
Bd→φK0
)
G˜
≡
∣∣∣M G˜
Bd→φK0
∣∣∣∣∣∣MSM
Bs→φK0
∣∣∣ . (42)
For eah ase and dierent KDM values, we have alulated the deay phase . From the
atmospheri result, we take the tau neutrino mass : mντ = 0.07eV and VL32 = −
1√
2
. The
right-handed neutrino mass is onstrained by the neutrino Yukawa oupling eq(6) and the
Br (µ→ eγ) experimental bound[6℄ . So we hoose MνR = 2× 10
14GeV . In our numerial
analysis we have used the suspet2
4
program by whih is possible to obtain the spartile
4
kneurlpm.univ-montp2.fr
8
m0 200 300 400 500 600 700 800 1000 1200 1500
M1 81.55 81.79 82 82.27 82.56 82.81 83 83.48 83.9 84.3
µ 309.1 327.7 352.5 381.5 413.7 448.2 483.5 564.5 640.9 761.1
m
s˜R
466.7 515.5 577.6 648.8 727.5 810.5 897.2 1078 1264 1550
m
s˜L
484.6 531.7 592 661.7 738.9 820.8 906.5 885.6 1271 1556
m
b˜R
466.4 515.1 577.2 648.3 726.9 809.9 896.5 1077 1263 1549
m
b˜L
433.6 466.6 510 561.1 619.1 681.3 747.4 885.6 1032 1259
M
G˜
511.7 518.2 525.1 531.2 538.4 544.6 550.6 561 570.6 582.6
Table 1: Spartile mass spetrum (en GeV) for µ > 0,m1/2 = 200GeV and tanβ = 3
m0 200 300 400 500 600 700 800 1000 1200 1500
M1 81.48 81.75 82.06 82.32 82.48 82.74 82.96 83.4 83.75 84.31
µ 263.7 265.6 267.7 270.3 272 274.4 277.3 284.9 278.2 265.5
m
s˜R
465.8 514.9 577.1 648.7 726.7 809.9 896.5 1077 1264 1550
m
s˜L
483.7 531.1 591.6 661.6 738.1 820.2 905.8 1085 1270 1555
m
b˜R
462.9 511.5 573 643.8 721 803.4 889.2 1068 1253 1537
m
b˜L
435 469.5 514.4 567.2 626.1 690 757.3 899.1 1049 1280
M
G˜
511.3 518.3 525.3 532.2 538.1 544.4 550 560.8 570.2 583.3
Table 2: Spartile mass spetrum (en GeV) for µ > 0,m1/2 = 200GeV and tanβ = 10
mass spetrum for dierent values on SUSY parameters that is :m0 , m1/2 , tanβ , sign(µ) .
In this program RG evolution of parameters is taken into aount . To x the gluino mass
we take m1/2 = 200 Gev and sign(µ) positive . These values are given in tables:1, 2, 3 and
are onsistent with Br (µ→ eγ) experimental bound .
We plot in gures 4-6, the neutralino ontribution to tan(∆φdecay
Bd→φK0
)χ ≡
∣∣∣Mχ
Bd→φK
0
∣∣∣∣∣∣MSM
Bs→φK
0
∣∣∣
and gluino ones eq(42) on gures 7-9 .
From the results obtained, we remark the following .
(1) Beause of our use of multimass insertion method, the results depend on the gluino,
wino, higgsino and squark left and right masses (tables 1, 2, 3 ) .
(2) The gluino and neutralino ontributions have the same behaviour and the upper values
are obtained for m0 = 500 Gev (gures 4-9) .
(3) As is shown on g.4 and g.7, these two ontributions are very sensitive to tanβ and
KDM values . They inrease with the enhanement of these two parameters .
(4) The dependeny on a0 of the deay phase is presented on g.6 and g.9 . The phase
beomes more important with inreasing a0 parameter .
m0 200 300 400 500 600 700 800 1000 1200 1500
M1 81.53 81.8 82.02 82.27 82.55 82.81 82.99 83.5 83.81 84.24
µ 258.8 258.8 258.7 258.7 257.8 256.2 255.1 253.4 237.7 190.8
m
s˜R
466 515.2 576.9 648.5 727 810.1 896.7 1077 1264 1550
m
s˜L
483.9 531.4 591.4 661.3 738.5 820.4 906 1085 1270 1555
m
b˜R
444.1 488.4 544.3 609.2 680.7 756.3 835.5 1001 1172 1436
m
b˜L
425.8 457.8 499.2 548.6 604.3 664 727.3 861 1002 1222
M
G˜
511 517.9 524.2 531 537.9 544 549.6 561 569.8 582.1
Table 3: Spartile mass spetrum (en GeV) for µ > 0,m1/2 = 200GeV and tanβ = 30
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(5) In the gluino ase, thanks to the gluino mass (500 GeV), the deay phase is signiant
for large tanβ and moderate KDM values . Indeed, from g.8, for a0 = 0, tanβ = 30 and
KDM = 1.5 the upper value of the deay phase is 4.10
−2
. This value is greater than the
unertainties in the SM alulation O(10−2) [8℄ . Moreover, as is shown on g.9, for a0 = 10
the gluino ontribution is more ompetitive with the SM one beause the upper value is 0.1 .
Our results are onsistent with those of the referene[9℄ (gure 2) . However, our results are
muh smaller due to multimass insertion method and the value of the MνR = 2 × 10
14GeV
(instead of MνR = 5× 10
14GeV in the referene[9℄) .
(6) For the neutralino ase, due to the small values of µ and M1 (tables 1, 2, 3 ), the deay
phase (g.4,5) annot be ompetitive with the gluino one for a0 less than 250 (even for
large tanβ and KDM values) . The highest value (10
−3
) is very small in omparison with
the unertainties in the SM model alulation . Nevertheless, for large a0 (a0 ≥ 250) and
tanβ values, we obtain results (g.6) greater than 10−2 . Then, the neutralino ontribution
hanges the phase in the proess Bd −→ ΦKs .
. .
5 Conlusion
In the ontext of SU(5) grand unied theory with right-handed neutrino, we have alulated
the neutralino and gluino penguin ontributions to the phase in Bd −→ ΦKs . In our
alulation, we apply the multimass insertion method . For onvenient hoies of SUSY
parameters, the neutralino ontribution to the deay phase is greater than O(10−2) . For
the gluino ontribution the deay phase is the order of 0.1 . Then, the SUSY ontributions
hange the deay phase in the proess Bd −→ ΦKs .
6 Annex
Now, we give analyti expressions of the Feynman integrals whih appear in the evaluation
of the amplitudes :
G1(X) =
−4−11X−14X log(X)+16X2−4X2 log(X)−X3
2X(X−1)4
,
G2(X) =
−38−24 log(X)+81X+18X log(X)−54X2+11X3
36(X−1)4
,
FC5(X) =
1+9X+6X log(X)−9X2+6X2 log(X)−X3
3(X−1)5
,
FC4(X) =
−1+6X−3X2+6X2 log(X)−X3
6(X−1)4
,
FC1(X) =
5+2 log(X)−4X+4X log(X)−X2
2(X−1)4
FC2(X) =
−1+−X−3X2+6X2 log(X)−2X3
6(X−1)4
FC3(X) =
−2−3X−6X log(X)+6X2−X3
6(X−1)4
FC6 =
1−8X−12X2 log(X)+8X3−X4
12(X−1)5
,
FN1 =
1+2X log(X)−X2
2(X−1)3
.
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